The presence of asymmetry in the distribution of financial returns is not only an important factor which should be considered in the process of optimal portfolio allocation, but also one of the variables having close relationship with the recognition and measurement of financial risk. This paper adopts a method based on bootstrap to measure asymmetry in the distribution of financial returns, as proposed by Lisi (2007). Results of asymmetry test on the distribution of four representative price index series coming from agricultural futures market in China are presented, and the four indexes are hard wheat index, cotton index, sugar index and soybean oil index. The results indicate that, except for the distribution of soybean oil index return which has an evident asymmetry characteristic, the other three ones all can be considered symmetric at a high confidence level. This paper contributes to asymmetry evaluation in the marginal distribution of financial returns, as well as the study of distribution characteristics in agricultural futures index returns of China, in the way of providing new empirical evidence.
Introduction
Agricultural futures market is an important part of modern financial system, whose functions of producing guiding, hedging, and market stabilization have gained wide attention from governments, enterprises and institutions, and therefore, it has been growing and developing since its emergence. Moreover, the growth and devel-opment is largely drove by the rapid development of Chinese market. By the end of 2012, dozens of agricultural futures contracts of 12 major categories have been traded in China, which basically cover major kinds of agricultural products closely related to national economy and the people's livelihood. As the perfection of Lisied varieties, Chinese agricultural futures market has maintained a high-speed growth in the volume of sales in recent years. According to the Futures Industry Association of America, China has already owned the biggest agricultural futures trading volume in the world in 2008. During the next two years, trading volume of Chinese agricultural futures experienced an explosive growing.
In recent years, what accompanies the rapid development of Chinese agricultural futures market are the valuable researches conducted by Chinese scholars in many aspects of agricultural futures market such as properties and determinants of price volatility. Most of the existing researches focus on either the relationship between the price of agricultural futures and macro variables, or price volatility in the agricultural futures market. For instance, Tang Yanwei et al. (2005) studied the long-range correlation in price volatility in Chinese agricultural futures market using the method of modified R/S; Wang Jun, Zhang Zongcheng (2006) established a vector autoregressive model of Chinese agricultural futures ; Zhang Shuzhong et al. (2006) gave a research on the relationship between the price index of agricultural futures and the CPI; also, Shi Limin et al. (2009) analyzed the empirical relationship between the exchange rate and the agricultural futures prices; in addition, Yi Rong et al. (2010) examined the basis of agricultural futures based on the expectation theory. These important findings have contributed a lot to our understanding of the empirical volatility properties and the risk conditions in Chinese agricultural futures market. However, there is no specialized and systematic research on the asymmetry in the distribution of Chinese agricultural futures price (return), to the best of the authors' knowledge.
In fact, the asymmetry in the distribution of financial returns is not only an important factor should be considered in the process of optimal portfolio allocation, but also one of the variables having close relationship with the recognition and measurement of financial risk. As early as 1970, Samuelson (1970) has pointed out that if the return distributions are asymmetric, the expected return, volatility and asymmetry must be all considered when allocate an optimal portfolio. This point has been confirmed by Harvey et al. (2010) in their recent studies, who found that a three-factor model considering the factor of asymmetry can obtain higher expected utility than the conventional CAPM. Rosenberg and Schuermann (2006) also suggest that if return distribution is asymmetric, the consideration of it in existing tools of risk measure (such as VaR) will help to improve the accuracy of risk estimation. In addition, the asymmetry in return distribution also affects the accuracy of the derivatives pricing greatly. For instance, in classic Black-Scholes option pricing model, asset price is assumed to follow the Geometric Brownian Motion, so (continuously compounded) returns can be regarded as following normal distribution at any point in time. However, in practice this model has been proved to usually misprice the in-themoney call option and out-of-the-money put option. Some scholars indicate, this is mainly due to the improper assumption on the actual statistical properties of returns such as symmetry in classic Black-Scholes model. Furthermore, modified pricing model containing the asymmetry variable can achieve better accuracy than the classic model (Christoffersen et al., 2006) .
Because both the theoretical and practical significance attributed to the research on asymmetry in financial return series, in recent years, this kind of research has gradually rise, and gets a number of valuable achievements. However, it must be pointed out that in present there are still many controversial issues in this important area, one of which is the fundamental problem that which method should be adopted to measure asymmetry in return distribution 1 . In conventional way of study, we usually use coefficient of skewness defined as the standardized third central moment of a random variable to measure the asymmetry. However, when use coefficient of skewness to test asymmetry, not only the independence of price volatility but also the important assumption of normal distribution determines the accuracy and effectiveness of the conclusion (Kendall & Stuart, 1969) . In other words, conclusion of asymmetry test based on standardized third central moment is highly questionable when the return is not independent of each other or does not follow normal distribution. Unfortunately, many rigorous empirical studies already showed that though there is no significant auto-correlation in the original series of financial return, there is strongly significant positive auto-correlation in the the squared (or absolute) data, indicating that price changes (returns) at various points in time are not independent (Engle, 1982; Christofferson, 2003; Terasvirta & Zhao, 2011) . Moreover, hypothesis of normal distribution is strongly rejected when sample on the commonly used frequency (e.g., daily or weekly) (Karoglou, 2009; Khalifa et al., 2011) .
In order to solve the problem that the basic assumptions do not tally with the actual properties of financial data in conventional asymmetry test, Lisi (2007) proposed a method based on bootstrap to test asymmetry in financial return series. This method can be applied to dependent and non-normal financial return data, what's more, a Monte Carlo experiment showed that test results of the method are highly consistent with the data generation mechanism when apply it to time series generated by different mechanism, namely, the results are very accurate and reliable.
It should be pointed out that, although asymmetry test has been conducted in descriptive statistics part in many empirical research literatures studying the properties of price volatility in Chinese agricultural futures market, the test methods used in these papers are mostly confined to the conventional way, namely test based on coefficient of skewness (Tang Yanwei et al., 2005; Wang Jun & Zhang Zongcheng, 2006; Zhang Shuzhong et al., 2006; Shi Limin et al., 2009) . The bootstrap method is more suitable for the real financial data, but there is still no paper adopting it to in-depth research of asymmetry in distribution of Chinese agricultural futures return, to the authors' knowledge.
Within this context, the aim as well as innovation of this paper is to evaluate the presence of asymmetry in the distribution of Chinese agricultural futures return, by studying four representative price indexes in the market and by a test method based on bootstrap, so as to provide more accurately and reliably empirical evidence for the question that whether there is significant asymmetry existing in the return distribution of the financial market.
The rest contents are arranged as follows: a explication of four representative price indexes in Chinese agricultural futures market and a tentative exploration of the statistics properties of these price indexes will be in the first part; the second part will expound the procedures of the test method based on bootstrap we use to examine the asymmetry in financial return series; the third part will put the asymmetric question to a practical test using the bootstrap-based method mentioned above, and then compare the test results to the ones coming from the conventional method of skewness coefficient; the fourth part is a robustness test on the research conclusions; finally are the main conclusions and recommendations for future research.
Data
Since the establishment in the 1990s, Chinese agricultural futures market has developed into a complete system including four main series of varieties of agricultural futures, which is grain, cotton, oil and sugar. By the end of 2010, Zhengzhou and Dalian Commodity Exchange have had 12 categories, dozens of varieties of agricultural futures Lisied, that is wheat, corn, cotton, soybeans, sugar, soybean oil, rapeseed oil, palm oil, etc., which are closely related to national economy and the people's livelihood.
Considering factors such as different roles that different trade categories play in Chinese agricultural system and the trading volume of the futures contracts, we selected hard wheat index, cotton index, sugar index in Zhengzhou Commodity Exchange and soybean oil index in Dalian Commodity Exchange as the study sample, and mark daily closing price of each index as p t . The sample periods of cotton index, sugar index and soybean oil index are from the Lisied dates to December 20, 2010, including about 1500 sample points; and for the hard wheat index, the sample period is from January 4, 2000 to December 20, 2010, including 2653 sample points. All the data comes from Wenhua financial index system. Define daily return ( )
Figure 1 depicts the volatility of the four return series of indexes, and Table 1 presents results of descriptive statistics analysis.
The following facts can be drawn from Table 1 and Figure 1 : Firstly, for all the four return series, the high returns and the low returns appear alternately within certain periods, namely there is an obvious volatility clustering effect existing in the returns of Chinese agricultural futures; Secondly, the return series do not obey normal distribution (at 1% level of significance by J-B test), in addition, Note: * and † denote significance at 1% and 10% levels, respectively. Kurtosis represents excess kurtosis coefficient and the excess kurtosis coefficient of the normal distribution is 0; J-B is a Jarque-Bera statistic used to test whether a return series obeys the normal distribution; ADF is Augmented Dickey Fuller statistic used to test unit root and the optimal number of lags in it is determined by AIC criterion; Q(n) is Ljung-BoxQ statistic with n lags of the dependent variable. series are generally leptokurtic, fat tailed and skewed (Except return series of cotton index, the rest three ones' skewness coefficient are significantly less than zero and excess kurtosis coefficient are significantly greater than zero);
Thirdly, ADF test results in Table 1 show that the null hypotheses of a unit root in return series are all rejected significantly, therefore the series are stationary and the further analysis and econometric modeling process are practicable;
In the end, the Ljung-BoxQ statistics in Table 1 shows that, the null hypotheses of no autocorrelation in return series of hard wheat index and cotton index must be rejected in a long time range (10), while for sugar index and soybean oil index the same null hypothesis cannot be rejected.
Methodological Issues
In financial econometrics, the dynamic process of return r t of assets is usually assumed to be:
where t µ is conditional mean value of return, and the residual t e is an uncorrelated (but not necessarily independent or homoscedastic) process.
Because financial return series often have the property of autocorrelation, many researchers assume the series to obey the autoregressive moving average (ARMA) process in their empirical studies to eliminate the autocor-relation (Mcneil & Frey, 2000; Bali & Theodossiou, 2007; Sabiruzzaman et al., 2010) .
After this reasonable handling of the data, the asymmetry test on return r t is equivalent to asymmetry test on the residuals (Lisi, 2007) .
As mentioned earlier, majority of the study methods used to test asymmetry in financial return series are the conventional skewness coefficient S, it is:
where ( ) j λ is the jth central moments. According to the relevant statistical theory, the sample's skewness coefficient calculated from the corresponding sample moments obeys Gaussian asymptotic distribution under the null hypothesis of S = 0, that is:
However, the existence of the variance of the asymptotic distribution is largely dependent on the validity of the assumption that the data is independent and follows normal distribution. Many researchers have pointed out that the assumption of normality and independence is not in accordance with the real properties of financial series. Some scholars have also studied how the variance of the skewness coefficient changes with the relaxation of the two assumptions (Bera & Premaratne, 2001; Peiro, 2004; Bai & Ng, 2005) .
In order to solve the above problem, Lisi (2007) proposed a bootstrap-based asymmetry test method. The robustness test conducted by Monte Carlo simulation shows that, because the bootstrap is adopted to generate the symmetric distributions of actual financial series, the bootstrap-based asymmetry test is not only applicable to uncorrelated time series, but also applicable to autocorrelated and heteroscedastic financial time series after using ARMA to filtering out the autocorrelation. Therefore, compared with the conventional skewness coefficient, the bootstrap-based asymmetry test proposed by Lisi (2007) has a more reasonable theoretical basis and can test asymmetry in financial series more accurately and reliably.
The basic idea of Lisi's (2007) method is that: the symmetrized version of observed data can be obtained by the bootstrap procedure ignoring that the distribution of observed data is symmetric or not, then critical values at certain confidence levels can be calculated, and by comparing the critical values and skewness coefficient of actual data we can judge whether the distribution is asymmetric. The test procedure is described in the following.
1) Set the hypothesis system as: 
where t e * is sampled with replacement from the empirical distribution of e * and z t is a random variable following binomial distribution, namely: 
is the right-tail critical value), so the return series r t is asymmetric, and vice versa.
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Autocorrelation Treatment
As mentioned in section 2, the autocorrelation in original series need to be filtered out by ARMA model before conduct the asymmetry test on return series of Chinese agricultural futures index. Meanwhile, test results of Q 1 (10) statistic in Table 1 shows that series of hard wheat index and cotton index have an obvious property of autocorrelation, while series of sugar index and soybean oil index do not. So series of hard wheat index and cotton index must have some "autocorrelation treatment". Before use ARMA (p,q) model to fit the distribution of series of hard wheat index and cotton index, the orders p and q need to be chosen by AIC criteria first. Synthetically considering the accuracy and efficiency of the estimation process, we set the range of orders p and q to 0, 1, …, 5. So we have 35 waiting model, namely ARMA (0,1), ARMA (1,0), …, ARMA (5,5). Then WinRATS is used to find out which model minimizes the AIC value. Figure 2 displays how the AIC value changes with the 35 ARMA (p,q) models for hard wheat index and cotton index.
AIC selects an ARMA (3,5) to fit the return series r t of hard wheat index in Figure 2 (a), that is:
where L is the lag operator, c is a constant term. And AIC selects an ARMA (4,5) to fit the return series r t of cotton index in Figure 2(b) , that is: Table 2 reports results of parameter estimation of the models specified before for return series of hard wheat and cotton index and results of model checking.
After the model estimation process, residual series e t in Equation (2) can be generated. The outcome of residual diagnostics in the last row of Table 3 indicates that there is already no significant linear dependence in residual series, which suggests that the ARMA models originally specified for return series of hard wheat and cotton index are adequate to capture the features of the data. Because there is no significant autocorrelation in the return series of soybean oil and sugar index, they don't need to have "autocorrelation treatment". In the next Table 2 . Results of parameter estimation and model checking. steps, the return series r t of soybean oil and sugar index would be directly taken as series e t to conduct asymmetry tests.
Empirical Results of Bootstrap-Based Asymmetry Test
After obtain residual series e t with no significant autocorrelation, bootstrap-based asymmetry test can be conducted as described in part 2. In order to ensure the robustness of study results, we repeat bootstrap sampling 1000 times, and test asymmetry in the return series at three different significant levels 90%, 95% and 99%.
As mentioned before, test results are based primarily on the empirical distribution obtained by 1000 times' bootstrap sampling, therefore the empirical distributions are figured in Figure 3 and detailed statistical test results are presented in Table 3 . Moreover, Table 3 also reports results of asymmetry test based on coefficient of skewness at different significant levels, to be compared with results of bootstrap-based test.
As can be seen from Figure 3 that the empirical distribution of soybean oil index's return series is obviously asymmetric and the other three ones seem to be symmetric. Quantitative test results in Table 3 can prove what we see in Figure 3 : bootstrap-based asymmetry test results indicate that the null hypotheses that distributions of return series of hard wheat, cotton and sugar index are symmetric respectively cannot be rejected at three different significant level 90%, 95% and 99%, while for soybean oil index the null hypothesis is rejected significantly at the 99% level. That is to say, bootstrap-based asymmetry test has given very clear test conclusions on whether the distributions of return series of the four typical indexes in Chinese agricultural futures market are asymmetric, that is, except that the distribution of return series of soybean oil index is significantly asymmetric, the rest three ones are symmetric.
In addition, from the comparison of test results based on bootstrap and coefficient of skewness above we can find that there are some differences between the test conclusions given by the two different methods. Especially for the case of test on return series of hard wheat and sugar index at significance level 90%, the two asymmetry test methods give two totally opposite results. The bootstrap-based test rejects the null hypothesis of symmetry in hard wheat index's return series at significance level 90%, while test based on skewness coefficient leads to the opposite conclusion. Similarly, test based on skewness coefficient rejects the null hypothesis that the distribution of sugar index's return series is symmetric at significance level 90% while bootstrap-based test accepts the null hypothesis at the same significance level.
Furthermore, we find out that the difference between results of the two methods as mentioned above, is essentially due to the different applicable conditions the two asymmetry test methods need to work well. As described in introduction, the correctness and effectiveness of the asymmetry test based on skewness coefficient lies not only in the independence property in the distribution of asset price series, but also in the satisfaction of the important assumption that the asset price series obeys normal distribution. However, the highly significant results of J-B test and Ljung-Box test in table 1 reveal that the test conclusions given by skewness coefficient are very questionable. Compared with asymmetry test based on skewness coefficient, the bootstrap-based one is much more reliable and effective, because we don't have to make any assumption of specified distribution on the actual data and we let the data speak for themselves. Of course what stated above need to be checked, so in the next part a robustness test will continue to compare the two asymmetry test method empirically.
Robustness Test
In this section we will carry on further research on whether the bootstrap-based method actually test asymmetry in return series more accurately and reliably than the asymmetry test based on skewness coefficient. As Lisi (2007) has already confirmed the robustness of results coming from bootstrap-based asymmetry test by means of Monte-Carlo simulation, another robustness test way introduced by Premaratne and Beta (2005) will be adopted in this paper, that is to study bootstrap performance by observing the empirical densities of the return series of the four agricultural futures indexes. Figure 4 depicts the empirical densities of return series of hard wheat index, cotton index, sugar index and soybean oil index.
In Table 3 we have seen that asymmetry test based on bootstrap and the one based on coefficient of skewness give the same test results on the return series of cotton index and soybean oil index. The return series of cotton index has a significant property of symmetry and the return series of soybean oil index has a significant property of asymmetry. Then in Figure 4 we can also seen from the empirical densities that there is no distinct difference between the property of actual distribution and those test results on return series of cotton and soybean oil index, so both the two methods have given accurate test results in the case of cotton and soybean oil index.
However, the difference between the two methods is mainly reflected in the case of hard wheat and sugar index, so here we need to focus on the empirical densities of return series of hard wheat and sugar index. As is shown in Figure 4 , no matter from the aspect of mean value's location or the aspect of how points distribute around the mean value, we cannot find asymmetry in the actual distribution of return series of hard wheat and sugar index. So we can make a conclusion that, in this situation, results referring to skewness coefficient cannot capture real property of the data while results of bootstrap-based test are much more reliable and accurate.
Conclusion and Recommendations for Future Research
In recent years, studies of asymmetry test on distribution of asset return have gradually become a hot issue in the field of financial econometrics. This is not only because that the asymmetry in the distribution of asset return needs to be measured accurately in an optimal portfolio allocation process, but also because that the asymmetry directly determines the adequacy of financial risk identification and the accuracy of risk measurement. However, most of the asymmetry test methods adopted in the researches of return series in Chinese agricultural futures market are still the conventional skewness coefficient method. The assumptions of independence and normal distribution usually cannot be satisfied by real data, so there is a big problem in the accuracy and reliability of the conclusions given by asymmetry test based on coefficient of skewness.
In order to fix the defect in the asymmetry test based on coefficient of skewness, we adopt an bootstrap-based asymmetry test method proposed by Lisi (2007) to test the asymmetry in the return distribution of four representative price indexes coming from agricultural futures market in China in this article, they are hard wheat index, cotton index, sugar index and soybean oil index. Research results indicate that: except that the distribution of return series of soybean oil index is significantly asymmetric, the rest three ones are significantly symmetric at high significance levels. In the end, this paper also confirms the accuracy and reliability of the results given by bootstrap-based asymmetry test by investigating the empirical densities of the four return series.
The work in this paper has enriched findings of empirical researches on asymmetry in financial return series. At present, the international asymmetry research on financial return series is still in its infancy, and the existing work in this area has led to a general consensus on the significance and importance of the study of asymmetry in asset returns. But questions such as whether the asymmetry significantly existing in financial return series, and what's the micro-mechanism of asymmetry formation are still controversial. Those controversial points need more theoretical models and empirical results to solve and explain. Therefore, the question of how to explain the empirical conclusions in this study has created ideas for future research, which are, exploring why the distribution of certain financial return (such as return series of soybean oil index in this paper) presents a property of asymmetry which is obviously different from other financial returns', and finding out what's the micro-mechanism of asymmetry formation in those return series.
